Résumé. 2014 Abstract. 2014 The second virial coefficient A2 for a mixture of two monodisperse polymers is studied by means of the renormalization group. It is found that the cross-term A12 has a finite limit if the segment number of one of the polymers tends to infinity. Such behaviour predicts a maximum of A2 in dependence on the relative composition of the polymers. The maximum resulting from our firstorder RG-calculation lies outside the molecular weight ratio investigated so far experimentally.
Introduction.
In recent years increasing attention has been paid to the second virial coefficient of a solution of two different polymers [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . A number of authors applied the renormalization group (RG) methods to this problem [2] [3] [4] [6] [7] [8] [9] [10] . Most of these authors used the massless renormalization schemes which are successful by the study of the monodisperse polymer solutions. The characteristic feature of the massless schemes is that the differential equations of the RG of the quantities under consideration are independent of the degrees of polymerization of both chains N1 and N2.
The dependence on N1 and N2, which governs the scaling behaviour of the physical quantities, is lost in the RG equations, and the massless schemes are inefficient for the study of the polydispersity effects as will be outlined in detail in this paper. In this paper in order to study the polydispersity effects, we start from the massless scheme and carry out the renormalization at finite degrees of polymerization of the chains. The method used here is the quantum field theoretic renormalization group [ 11] formulated in terms of the polymer correlation functions [12] . Section [12] [13] [14] and analogously for A22. Mi is the molecular weight of polymer i and NA is the Avogadro number.
The indices m and n denote the number of both chains involved in the correlation function. The examples of diagrams contributing to G~ 1(~1, ..., P4) are shown in figure 1.
The continuous model of polymer chains which describes the real polymers on the long scale breaks down on a scale comparable to the statistical segment length I. This will be taken into account by limiting the integration over the internal momenta in the perturbation expansions (see [ 12, 14] [11] shows that the divergences of the polymer CF can be expressed by the divergences of the selfenergy Zi(p) and carried out in the same way as in the field theory (see [11] , Chap. 6) and the result is
The connection between the unregularized and regularized CF like (3) was proposed for the first time by des Cloizeaux [14] . The R-operation by Bogoliubov [11] (for the polymer case see [12] ) provides the method for constructing the regularized CF on the right-hand side of equation (3). 0~~ contains the « masses » divergences which do not contribute to the physical quantities [ 15] , r~ are the bare excluded volume strengths. The effective quantities Si and vij appearing in the regularized theory, may be expressed by the counterterms Xi, Z', 3 Zi and Z12 in the following way [12] and The counterterms Xi, Z3, zf and Z12 are expressed by the self-energy ~1(p) and the vertex r~ (0) as follows [12] By using the A 2-scheme (massless renormalization scheme) only the ultraviolet diverging parts of the selfenergy and the vertex are involved as counterterms in the subtraction procedure. In the monodisperse case the A 2-scheme leads to simple RG equations for the effective quantities Si and vij. A special choice of the parameter of RG (matching condition) allows one to absorb the infrared singularities (causing the scaling behaviour) in the parameter Si and vii [2] . In the polydisperse case the A 2-scheme is inefficient. Whereas the ultraviolet behaviour of the polydisperse diagrams is the same as for the monodisperse ones, the infrared behaviour is governed by two parameters N1 and N2. Therefore (vi~) as well as the contributions to F-1 2 result from the last three one-loop diagrams in figure 1.
The equation (5) (13) was earlier obtained in reference [4] in the framework of polymermagnet analogy. By using the massless scheme (solution of Eq. (7)) we would obtain an expression similar to (13) [3] by using the polymer-magnet analogy. 4 . The second virial coefficient. Now we turn to the evaluation of the second virial coefficient which has to be performed by means of equations (1) (14) and ( 16) . For N2 -~ oo and N 1 finite equation (16) gives That means that for given z 1 and N1 there exists a N 2 * such that for N2 &#x3E; N 2 * . , ,
holds. Equation (20) is the condition for the appearence of the maximum of the second virial coefficient A2 with variation of the solute composition [16] . Figure 2 shows Z!/ZI vs. ZI obtained from the equations (16) and (18). Our result agrees qualitatively with that of Tanaka and Solc [5] obtained by Pade approximant of the McMillan-Mayer perturbation expansion. The maximum appears at values of zl and Z2 outside of the experimentally investigated region [1] . The dependence of the maximum on N~/N~ predicted by equations (16) to (18) is different from that of the experimental results in [1] . Schafer [6] pointed out that the maximum observed in [1] is the result of the treatment of the experimental data and not the feature of the true virial coefficient. The maximum of A2 predicted by our theory would be difficult to observe experimentally because very large degrees of polymerization are needed.
5.
Comparison with the massless scheme.
Since in the limit N2 -+ oo and finite N1 V22(x) behaves like 8;8/2, the integral in (14) tends to zero and for v 12 follows
This result is at variance with that obtained in [7, 8] [7, 8] . This result is caused by the assumption of the regularity of the many-loop diagrams. Really, the two-loop diagram in figure 1 diverges for N2 -+ oo and consequently (22) is wrong. This can also be explained in the following way. The one-loop diagrams with one wave line between the chains (see Fig. 1 
